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1.0 INTRODUCTION 
ESS Group, Inc. (ESS) was retained by Long Island Sterilization (LIS) to perform an air emission 
measurement program at the LIS facility in Hauppauge, New York. The purpose of this program was to 
determine the ethylene oxide (EtO) removal efficiency (RE) of a Damas Corporation wet scrubber and an 
Anguil Environmental Systems catalytic oxidizer that control EtO emissions from two sterilizers and 
associated sterilization operations. The wet scrubber is the primary control device, controlling EtO 
emissions from the sterilizer evacuations. The oxidizer is a secondary control device operating in series 
with the scrubber, controlling EtO emissions from the scrubber as well as emissions from the aeration room 
and the vents over the sterilizer back doors. 

This test program was conducted in conformance with a permit to construct (No. 1-4734-00743/00001) 
issued by the New York State Department of Environmental Conservation (NYSDEC). This facility uses 
more than 10 tons of EtO each year. Therefore, as required by the permit to construct, and in accordance 
with 40 CFR 63 Subpart O, the scrubber must achieve an EtO removal efficiency (RE) of 99% during the 
first re-evacuation of the sterilizer chamber, and the oxidizer must achieve an EtO RE of 99% or a 1 part 
per million outlet concentration, whichever is less stringent, during venting of the aeration room.  

Testing was conducted on July 11, 2019 by Eric Pearson of ESS and CK Environmental, an ESS 
subcontractor. Ron Kramer of LIS coordinated the test and provided process and logistical support. Nahla 
Babiker of the NYSDEC was on site to observe the test program. 

In consultation with the NYSDEC observer, testing was completed only on the wet scrubber due to technical 
issues that prevented isolation of aeration room emissions from sterilizer emissions in accordance with the 
planned test schedule.  Testing of the oxidizer and the associated aeration room emissions is currently 
planned for October 2019. 

Section 2.0 of this report summarizes the results of this measurement program. Section 3.0 describes the 
process and associated control equipment. Section 4.0 describes the test methods used, and Section 5.0 
describes the quality control plan for this test program. Field data sheets, process data and other pertinent 
documents are included in the Appendices. 

2.0 SUMMARY OF RESULTS 
2.1 Sterilizer Re-Evacuation and Wet Scrubber Removal Efficiency 
The scrubber EtO removal efficiency was measured during the first re-evacuation from each sterilizer over 
three sterilization cycles (two cycles from Sterilizer 1 and one cycle from Sterilizer 2). During these tests, 
the sterilizer chambers were empty. Each of the three test periods (re-evacuations) was 10 to 15 minutes 
in duration.  

EtO emissions at the scrubber outlet were measured following the test methods described in 40 CFR 63.365 
and EPA Method 25A (40 CFR 60 Appendix A). EtO emission concentrations were directly measured with 
a total hydrocarbon (THC) flame ionization detection (FID) analyzer calibrated with propane and EtO 
compressed gas standards so that the outlet concentrations are expressed as EtO. The Method 25A data 
were recorded on a data logger, thus yielding continuous real-time data. Gas flow rate measurements were 
continuously recorded during each test period using a pitot tube and manometer, following EPA Methods 1 
and 2.  

For each first re-evacuation, the mass of EtO loaded to the sterilizer was calculated from the pressures and 
temperatures of the sterilizer before and after charging. In addition, the weight loss of the EtO cylinders 
used to charge the sterilizer also was recorded. The residual mass of EtO in the sterilizer after the first re-
evacuation was calculated from the pressures and temperatures of the sterilizer. This residual was 
subtracted from the EtO loaded to calculate the net mass of EtO applied to the scrubber inlet. 

The scrubber efficiency measurement results are summarized in Table 2.1. Over the three test runs, the 
RE ranged from 99.63 to 99.75 percent, averaging 99.68 percent, well above the permit requirement of 99 
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percent. And, if a nominal 90 percent control efficiency is assumed for the catalytic oxidizer (operated in 
series with the scrubber), the actual overall EtO RE during the sterilizer re-evacuations is 99.97 percent. 

As shown on Table 2.1, the calculated EtO charged to each sterilizer differed from the measured EtO 
charged (based on cylinder weighing) by approximately 6.7% over the three test runs. The reason for this 
difference is uncertain, and may reflect a combination of inherent measurement/monitoring inaccuracies. 
The average wet scrubber removal efficiency shown in Table 2.1 is based on the more accurate calculated 
EtO charged. 

 

3.0 PROCESS DESCRIPTION 

3.1 General 
The LIS facility sterilizes products used in the medical industry. The facility currently operates two identical 
12-pallet Environmental Techtonics EtO sterilization chambers, each with external dimensions of 
approximately 55 feet long x 8 feet wide x 6 feet high, and each with an internal volume of approximately 
1685 cubic feet. The sterilant used in the LIS facility is 100% EtO. The evacuations from each sterilizer first 
pass through an acid/water scrubber manufactured by Damas Corporation. The scrubbed gas then passes 
through an Anguil catalytic oxidizer, which vents to the atmosphere directly through a stack approximately 
60 feet above grade. 

Upon completion of a sterilization cycle, product is moved from the sterilizer to a heated aeration room to 
allow for final degassing of EtO from the product. The air exhausted from the aeration room is combined 
with fugitive vent streams from the sterilization chamber areas and is vented directly to the catalytic oxidizer. 
A schematic of the sterilization and control equipment is shown in Figure 3.1. 

3.2 Sterilization Process 
EtO is used in this sterilization process to destroy potential infectious contaminants found on medical 
products. During a typical sterilization cycle, the materials to be sterilized are on pallets which are positioned 
at the front of the sterilizer and then drawn into the sterilizer chamber on a conveyor system. The chamber 
is then sealed and brought to a vacuum of approximately 45 kilo pascals (kPa) absolute. [One standard 
atmosphere is approximately 101 kPa.] The chamber is then washed with nitrogen to reduce the oxygen 
concentration, evacuated again to 45 kPa, then heated and humidified to 50 kPa with steam. When the 
temperature and humidity have reached specified limits, 100% EtO gas is fed into the sterilization chamber 
to 75 kPa, and then nitrogen is added to 90 kPa. The resulting EtO concentration within the chamber is 400 
– 500 mg/L. This starts the exposure phase of the sterilization cycle. The duration of the exposure phase 
varies in accordance with the materials being sterilized, and typically ranges from two to six hours. 

Once the exposure phase is complete, the first re-evacuation begins. The sterilization chamber is 
evacuated to 45 kPa over a period of approximately 30 minutes, and the evacuated gases are vented 
directly to the scrubber. EtO emissions from the sterilizer are at their highest during the first evacuation. 
Product sterilization is theoretically complete at this point of the cycle, however the product still may contain 
unacceptable levels of EtO. 

Residual EtO within the product is then removed by a process called nitrogen washing. Nitrogen is bled 
into the sterilization chamber to 95 kPa and then evacuated to 45 kPa. At the LIS facility, two to four nitrogen 
washes are used to remove residual EtO from the product, and these washes are referred to as the second, 
third and fourth re-evacuations. Emissions of EtO during the washes are much less than those from the 
first re-evacuation. After the last re-evacuation, the chamber is filled with fresh air and flushed for about 20 
minutes before being unloaded. The air flush is vented to the oxidizer through vents near the rear doors of 
the chamber. 



ETO Scrubber Test Report – Long Island Sterilization 
September 9, 2019 

 

© 2019 ESS Group, Inc. Page 3 
j:\l127-005 long island sterilization- 2019 eto test\2019 report\report text\lis scrubber report text - 2019 test - 9-9-19.docx 

Upon completion of the sterilization cycle, the sterilized products are moved to the adjacent aeration room 
to allow for further off gassing of EtO. The aeration room is also vented to the catalytic oxidizer to prevent 
an accumulation of EtO within the room. The room is heated to approximately 110ºF to increase the rate of 
off-gassing from the product. The sterilized materials remain in the aeration room until product residual EtO 
concentrations fall below the acceptable limits. 

3.3 Damas Scrubber 
A Damas Model 1000 3XP EtO scrubber (hydrolytic acid scrubber) is the primary control device in operation 
at the LIS facility. The scrubbing process utilizes a sulfuric acid/water solution to convert EtO to ethylene 
glycol (EG). The pH of the scrubber liquid is maintained below 2.5, and is continuously monitored and 
displayed on a digital panel meter. 

Sterilizer exhaust gas is broken into small bubbles as it leaves the distribution manifold at the base of the 
scrubber body. EtO is absorbed by the scrubber liquid as the bubbles move toward the surface of the liquid. 
A fan pulls the remaining gas from the head space over the scrubber liquid, combines it with make-up air 
and vents the EtO/air mixture to the oxidizer. Including the make-up air, the total gas flowrate from the 
scrubber is approximately 300 scfm. 

As the EG accumulates, the liquid volume in the scrubber vessel increases. When the liquid reaches a 
prescribed level (slightly lower than the maximum level), liquid is first neutralized with caustic and then 
pumped over to an adjacent holding tank, and fresh acid solution is added to the scrubber vessel. The liquid 
in the holding tank is shipped off-site for recycling. 

3.4 Anguil Catalytic Oxidizer 
The Anguil Model 30 catalytic oxidizer has a design capacity of 3000 scfm, with a design destruction 
efficiency of 99%, or 1 ppmv outlet concentration for dilute gas streams.  

EtO laden air from the scrubber, aeration room and chamber rear vents first enters a filter plenum and then 
passes through a shell and tube heat exchanger which preheats the process exhaust while cooling the 
oxidizer exhaust. Constructed of stainless steel, it is designed for a heat transfer efficiency of approximately 
65%. 

The preheated process exhaust stream is further heated by exposure to a gas burner which has a gross 
heat release capacity of 3.2 MMBtu/hour. The burner is automatically modulated to maintain a process gas 
temperature of at least 280°F before entering the catalyst bed for final destruction of EtO. The process gas 
then passes through the heat exchanger again and then through the fan and stack. 

The catalyst is a manganese dioxide pellet blend, compounded and shaped by the Carus Corporation. The 
system fan is a variable speed unit rated at 25 HP. Flow through the oxidizer is approximately 2200 scfm, 
with about 300 scfm from the scrubber and 1900 scfm from the aeration room. When the sterilizer chamber 
rear vents are operated at the end of a sterilization cycle, the aeration room exhaust is reduced to 
accommodate the flow rate of the rear vents and maintain a steady flow to the oxidizer. 

3.5 Process Operation During the Test Program 
Except as noted below, the sterilizers and EtO control equipment were operated in a normal manner 
throughout the test program. During each sterilizer re-evacuation test period, the two sterilizers were 
operated with no product inside the sterilizers, though products continued to aerate in the aeration room. 
LIS monitored and recorded all pertinent operating parameters, including scrubber liquid level and pH.  All 
process data are shown in Appendix B of this protocol. 

The time schedule for the operation of the two sterilizers was modified in order to compress the duration of 
the overall sterilization cycle and allow testing to be conducted within one normal work day. The 



ETO Scrubber Test Report – Long Island Sterilization 
September 9, 2019 

 

© 2019 ESS Group, Inc. Page 4 
j:\l127-005 long island sterilization- 2019 eto test\2019 report\report text\lis scrubber report text - 2019 test - 9-9-19.docx 

approximate time schedule used for the operation of the sterilizers during this test program is summarized 
in Table 3.1. 

 

4.0 SAMPLING AND ANALYSIS METHODS 
4.1 General 
The following US EPA reference test methods were used for this test program. 

• US EPA Method 1 – Sampling and Velocity Traverse Points for Stationary Sources 
• US EPA Method 2 – Determination of Stack Gas Velocity and Volumetric Flow Rate 
• US EPA Method 3A – Determination of Oxygen and Carbon Dioxide Concentrations in Emissions from 

Stationary Sources (Instrumental Analyzer Procedure) 
• US EPA Method 4 – Determination of Moisture Content in Stack Gases 
• US EPA Method 25A – Determination of Total Organic Concentration Using a Flame Ionization 

Analyzer 
• 40 CFR 63.365 Subpart O – Ethylene Oxide Emission Standards for Sterilization Facilities 

4.2 EtO Entering the Wet Scrubber During First Re-Evacuation 
The mass of the EtO charged into the sterilizers was calculated from the chamber temperatures and 
pressures after charging, and the EtO cylinders used to charge the sterilizers were weighed before and 
after charging. Weights were recorded to the nearest 0.1 pound using calibrated scales. The residual mass 
of EtO remaining in the sterilizers after the first re-evacuation is calculated from the chamber temperatures 
and pressures immediately after the first re-evacuation. The following equations are used: 

Wc = EtO charged (g) = MW x F x (∆P/Pf) x Pf x V/(R x T)   (Equation 1) 
Where: MW = Molecular weight of EtO 
  F = volume fraction of EtO = 1.00 (100% EtO) 
  ∆P = chamber pressure increase due to the addition of EtO (kPa) 
  Pf = final chamber pressure before the first re-evacuation (kPa) 
  V = chamber volume (L) = 1685 ft3 = 47,719 L 
  T = chamber temperature (K) 
  R = gas constant = 8.313 L-kPa/gmole-K 

Wr = residual EtO = MW x F x (∆P/Pf) x Pa x V/(R x T)    (Equation 2) 
Where: Pa = chamber pressure after the first re-evacuation 
   ∆P/Pf = mole fraction of EtO in the chamber 

The total mass of ethylene oxide applied to the scrubber inlet is calculated by subtracting the residual weight 
from the charged weight: 

Wi = Wc – Wr 

4.3 EtO Leaving the Scrubber and Entering and Leaving the Control Devices 
The weight of ethylene oxide entering the scrubber is described above for the scrubber inlet, and the weight 
of ethylene oxide leaving the scrubber was determined as described in 40 CFR 63.365 and EPA Method 
25A. 

Concurrently with the Method 25A measurements, volumetric flow rate measurements were made at the 
scrubber outlet using EPA Method 2 of 40 CFR 60 Appendix A.  Complete two-port traverses were made 
at the scrubber outlet prior to the first test run by positioning a pitot tube and manometer at the traverse 
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points across the duct and measuring velocity head and temperature at each point. During each test run, 
the pitot was attached to an electronic pressure transducer and positioned at a single average flow point, 
and the velocity head and temperature were continuously measured and recorded. The static pressure was 
measured with a length of stainless steel tubing positioned normal to the flow and attached to a manometer 
which was read during each test run. 

The molecular weight of the gas stream at the scrubber outlet was assumed to be 29 since it consisted 
primarily of ambient make-up air.  

At the scrubber outlet, the total volume of gas exhausted during the test run was determined by multiplying 
the average measured volumetric flow rate by the total duration of each test run. The mass of EtO emitted 
at the scrubber outlet location was calculated using the following equation: 

We = EtO emitted (g) = C x Vg x MW x 28.32/(k x 106)    (Equation 3) 
Where: C = EtO concentration (ppmv) 
  Vg = volume of gas emitted during the sampling period (standard cubic feet 

at 20oC and 101 kPa) 
  MW = molecular weight of EtO = 44 g/g-mole 
  k = 24.05 L/g-mole = standard molar volume at 20oC and 101 kPa 

 
4.4 Sampling Locations  
All sampling locations are shown in Figure 4.1. Individual locations are described below: 

The scrubber outlet sampling location is in a nominal 10-inch diameter vertical duct just below the oxidizer 
filter plenum, approximately 2.6 duct diameters downstream from a 90-degree bend leading from the 
scrubber and approximately 0.6 diameters upstream from the plenum. This location is shown schematically 
in Figure 4.2. Initial flow rate measurements were made at 16 traverse points through two ports (8 points 
per port) in order to establish an average flow point. The EtO sampling probe was positioned approximately 
at the center of the duct. 

The oxidizer inlet sampling location is in a horizontal section of a nominal 14-inch diameter duct between 
the heat exchanger inlet plenum on the top of the oxidizer housing and the filter plenum. This location is 
approximately 3.4 duct diameters downstream from a 90-degree duct bend leading from the filter plenum 
and approximately 3.4 duct diameters upstream from the inlet plenum. This location is shown schematically 
in Figure 4.3. Initial flow rate measurements were made at 16 traverse points through two ports (8 points 
per port) in order to establish an average flow point. The EtO sampling probe was positioned approximately 
at the center of the duct.  

The oxidizer outlet sampling location is in the nominal 18-inch diameter vertical oxidizer stack, 
approximately 6.7 duct diameters downstream from the fan breeching and approximately 6.7 duct diameters 
upstream from the stack top. This location is shown schematically in Figure 4.4. Initial flow rate 
measurements were made at 16 traverse points through two ports (8 points per port) in order to establish 
an average flow point. The EtO sampling probe was positioned in the center of the fan exhaust transition 
between the fan and the stack. 

4.5 Flow Rate Measurements 
During the initial flow rate measurements prior to the first test run, a pitot tube connected to an inclined 
manometer was used to determine the velocity head pressure of the duct gasses at each traverse point as 
specified in US EPA Reference Method 2. Temperature was measured at each point with a thermocouple.  

At each location during each test run, the pitot was secured at the average flow point and attached to an 
electronic pressure transducer. The output signals from the transducer and thermocouple was continuously 
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recorded on a data logger. These data were averaged over each test run to yield an average velocity 
pressure (delta-p) and temperature and an average flow rate. The static pressure was measured with a 
length of stainless steel tubing positioned normal to the flow and attached to a water manometer which was 
read during each test run. 

4.6 Molecular Weight Determination 
The molecular weight of the gas stream at the scrubber outlet was assumed to be 29 since it consisted 
primarily of ambient make-up air. 

4.7 Moisture 
The scrubber outlet moisture concentration was documented by measuring the outside air dry bulb 
temperature and relative humidity.  

4.8 US EPA Methods 25A and 18 
EtO emission measurements were performed following US EPA Methods 25A. The Method 25A sampling 
train consisted of a short, stainless-steel probe, a Teflon, heated sample line, and a TECO Model 51i FID 
THC analyzer used at the scrubber outlet.  A schematic of this sampling train is shown in Figure 4.5. 
Analyzer outputs were continuously recorded on a data logger. The analyzer was calibrated with propane 
compressed gas standards at three points plus zero at the beginning of the test day and at one point plus 
zero periodically during the test day. Concentrations were expressed as propane. 

The analyzer was also calibrated with an EtO compressed gas standard to establish an EtO/propane 
response factor. In this way the THC data expressed as propane were also expressed as EtO in order to 
quantify emissions as EtO. 

4.9 Calculation for the Scrubber Removal Efficiency 
The EtO removal efficiency of the scrubber is calculated with the following equation: 

E = 100 (Wv - We)/Wv 
Where: E = efficiency (%) 
  Wv = Weight of EtO vented to the scrubber  
  We = Weight of EtO emitted from the scrubber. 

 
5.0 QUALITY CONTROL PROCEDURES 
ESS emission testing teams are committed to providing high quality testing services. To meet this 
commitment, applicable US EPA sampling procedures and applicable quality assurance/quality control 
procedures are followed with all test programs. These procedures ensure that all sampling is performed by 
competent, trained individuals and that all equipment used is operational and properly calibrated before 
and after use.  

The ESS QA program generally follows the guidelines of the US EPA Quality Assurance Handbook for Air 
Pollution Measurement Systems: Volume III Stationary Source - Specific Methods (EPA-600/R-94-038c - 
September 1994). 

5.1 Sampling 
Measurement devices and gas analyzers are uniquely identified and calibrated with documented procedures 
and acceptance criteria. Records of all calibration data are maintained on file. Copies of pertinent calibration 
data are available on site during testing. Field data are recorded on standard forms. Field notes are used to 
record observations and information that may affect data quality. 
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5.2 Analytical 
Field blanks of all applicable sampling reagents are taken in accordance with the respective sampling 
methods. Any samples requiring off-site laboratory analysis are accompanied to the laboratory with chain-
of-custody documentation. Compressed gas/calibration standards used are US EPA Protocol No. 1-
certified, if applicable. Other gas standards and analytical laboratory support gases used are directly 
traceable to the National Institute of Standards and Technology. The certifications of the gas standards 
used during testing are available on site and are included in the final test report. 



 

 

Tables 
 

  



Wv = 
t V Wo dP Tc Wc Pf Pa Te Wr  Wc - Wr Cp Ce Q We RE

Pressure Avg. Temp. Calculated Pressure Pressure Avg. Temp. EtO EtO emitted
Process Elapsed Sterilizer EtO Rise from Over EtO Before After Over Residual Vented to from Removal
Clock Time Volume Charged Charging Charging Charged Evac. Evac. Evac. EtO Scrubber Flow Rate Scrubber Efficiency

Run Sterilizer Time (min) (L) (lbs)a (kPa) (oC) (lbs)b (kPa) (kPa) (oC) (lbs)c (lbs) as propane as EtOe (scfm)f (lbs)g (%)h

1 1 1232-1243 11 47,719 45.6 27.0 45 47.277 90.3 48.4 45 25.340 21.937 123.4 284 209 0.075 99.66

2 2 1244-1259 15 47,719 41.8 27.0 45 47.277 90.1 48.4 45 25.396 21.881 97.6 224 209 0.080 99.63

3 1 1614-1624 10 47,719 45.8 27.0 45 47.277 90.2 48.4 45 25.368 21.909 101.1 233 210 0.056 99.75

Average: 99.68
Permit: 99

a)   Based on EtO cylinder weighing.
b)   Wc = (mw x dP x V) / [R x (Tc + 273)] / 453.6          where R = gas constant = 8.313 L-kPa/gmole-K
c)   Wr = (mw x Pa x (dP/Pf) x V) / [R x (Tc + 273)] / 453.6          where dP/Pf is the mole fraction of EtO in the sterilizer before evacuation.          
d)   parts per million, volume to volume
e)   ppmv as EtO = ppmv as propane  x 2.3 (EtO/propane response factor)
f)   standard cubic feet per minute at 68oF (20oC) and 29.92 inches mercury (101 kPa)
g)   We = Ce x Q x t x mw /( k x 106)          where k = standard molar volume = 385 ft3/lb-mole
h)   RE = 100(Wv - We) / Wv

Avg. EtO Conc. at
Scrubber Outlet

(ppmv)d

Hauppauge, NY

July 11, 2019

Table 2.1
Summary of Results

Sterilizer Re-Evacuation / Wet Scrubber

Long Island Sterilization
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EtO Duration
Source Run Sterilizer Operation Start End (min)

Sterilizer re-evacuations 1 chamber preparation 1105 1201
add EtO 1201 1215
final preparation and hold 1215 1232

1 1st re-evacuation 1232 1243 11
N2 washes and completion 1243 1446

2 chamber preparation 1111 1215
add EtO 1215 1228
final preparation and hold 1228 1244

2 1st re-evacuation 1244 1259 15
N2 washes and completion 1259 1459

1 chamber preparation 1447 1543
add EtO 1543 1557
final preparation and hold 1557 1614

3 1st re-evacuation 1614 1624 10
hold 1624

Comments
Time

Table 3.1
Operating Schedule for Sterilizer Scrubber Compliance Test

Long Island Sterilization
Hauppauge, NY

July 11, 2019
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Scrubber Outlet Sampling Location

Sample and Velocity Traverses for Stationary Sources

Client Long Island Sterilization Proj. No. L127-004 Diameters Upstream of Disturbance (A) 0.6

Facility Diameters Downstream of Disturbance (B) 2.6

City, State Hauppauge, NY Total No. of Traverse Points Required 16

Test Date Number of Ports 2

Test Location Scrubber Outlet Traverse Points per Port 8

Diameter of Stack 9.75    inches Traverse (Horizontal or Vertical)

MINIMUM NUMBER OF TRAVERSE POINTS FOR PARTICULATE inches

AND NONPARTICULATE TRAVERSES D

Duct Diameters Upstream from flow disturbance
(Distance A) L

0.5 1.0 1.5 2.0

DISTURBANCE W

40 
a

HIGHER NUMBER IS FOR RECTANGULAR 0.6 D  A

STACKS OR DUCTS     X X MEASUREMENT

SITE

30 PARTICULATE 2.6 D

 B DISTURBANCE Deq =  2LW  = _________

24 or 25 
a L+W

20 20

16 16 STACK DIAMETER  > 0.61 m (24 in.)

12

10 NONPARTICULATE

8 or 9
a

CROSS-SECTIONAL LAYOUT
   STACK DIAMETER = 0.3 to 0.61 m (12 - 24 in.) FOR RECTANGULAR STACKS

2 3 4 5 6 7 8 9 Total Matrix
Duct Diameters Downstream from flow disturbance Traverse Points

(Distance B) 9 3 x 3

12 4 x 3

16 4 x 4

20 5 x 4

25 5 x 5

LOCATION OF TRAVERSE POINTS IN CIRCULAR STACKS

Point (Percent of stack diameter from TRAVERSE POINT LOCATIONS

Number inside wall to traverse point) Distance Port Total

On A Number of Traverse Points on a Diameter No. from Wall Depth Distance

Diameter 4 6 8 10  12 (inches) (inches) (inches)

1 6.7 4.4 3.2 2.6 2.1 1 0.5 2.5 3.0

2 25.0 14.6 10.5 8.2 6.7 2 1.0 2.5 3.5

3 75.0 29.6 19.4 14.6 11.8 3 1.9 2.5 4.4

4 93.3 70.4 32.3 22.6 17.7 4 3.1 2.5 5.6

5 85.4 67.7 34.2 25.0 5 6.6 2.5 9.1

6 95.6 80.6 65.8 35.6 6 7.9 2.5 10.4

7 89.5 77.4 64.4 7 8.7 2.5 11.2

8 96.8 85.4 75.0 8 9.3 2.5 11.8

9 91.8 82.3 9

10 97.4 88.2 10

11 93.3 11

12 97.9 12

METHOD-1.xls / LGP / rev.2 - 02/97 Duct Diameter > 24 inches minimum 1.0 inch from stack walls.

Duct Diameter <= 24 inches minimum 0.5 inch from stack walls.

Figure 4.2

9.75

H
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Oxidizer Inlet Sampling Location

Sample and Velocity Traverses for Stationary Sources

Client Long Island Sterilization Proj. No. L127-004 Diameters Upstream of Disturbance (A) 3.4

Facility Diameters Downstream of Disturbance (B) 3.4

City, State Hauppauge, NY Total No. of Traverse Points Required 16

Test Date Number of Ports 2

Test Location Oxidizer Inlet Traverse Points per Port 8

Diameter of Stack 13.25    inches Traverse (Horizontal or Vertical)

MINIMUM NUMBER OF TRAVERSE POINTS FOR PARTICULATE inches

AND NONPARTICULATE TRAVERSES D

Duct Diameters Upstream from flow disturbance
(Distance A) L

0.5 1.0 1.5 2.0

DISTURBANCE W

40 
a

HIGHER NUMBER IS FOR RECTANGULAR 3.4 D  A

STACKS OR DUCTS     X X MEASUREMENT

SITE

30 PARTICULATE 3.4 D

 B DISTURBANCE Deq =  2LW  = _________

24 or 25 
a L+W

20 20

16 16 STACK DIAMETER  > 0.61 m (24 in.)

12

10 NONPARTICULATE

8 or 9
a

CROSS-SECTIONAL LAYOUT
   STACK DIAMETER = 0.3 to 0.61 m (12 - 24 in.) FOR RECTANGULAR STACKS

2 3 4 5 6 7 8 9 Total Matrix
Duct Diameters Downstream from flow disturbance Traverse Points

(Distance B) 9 3 x 3

12 4 x 3

16 4 x 4

20 5 x 4

25 5 x 5

LOCATION OF TRAVERSE POINTS IN CIRCULAR STACKS

Point (Percent of stack diameter from TRAVERSE POINT LOCATIONS

Number inside wall to traverse point) Distance Port Total

On A Number of Traverse Points on a Diameter No. from Wall Depth Distance

Diameter 4 6 8 10  12 (inches) (inches) (inches)

1 6.7 4.4 3.2 2.6 2.1 1 0.5 3.0 3.5

2 25.0 14.6 10.5 8.2 6.7 2 1.4 3.0 4.4

3 75.0 29.6 19.4 14.6 11.8 3 2.6 3.0 5.6

4 93.3 70.4 32.3 22.6 17.7 4 4.3 3.0 7.3

5 85.4 67.7 34.2 25.0 5 9.0 3.0 12.0

6 95.6 80.6 65.8 35.6 6 10.7 3.0 13.7

7 89.5 77.4 64.4 7 11.9 3.0 14.9

8 96.8 85.4 75.0 8 12.8 3.0 15.8

9 91.8 82.3 9

10 97.4 88.2 10

11 93.3 11

12 97.9 12

METHOD-1.xls / LGP / rev.2 - 02/97 Duct Diameter > 24 inches minimum 1.0 inch from stack walls.

Duct Diameter <= 24 inches minimum 0.5 inch from stack walls.

Figure 4.3

13.25

H
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Oxidizer Outlet Sampling Location

Sample and Velocity Traverses for Stationary Sources

Client Long Island Sterilization Proj. No. L127-004 Diameters Upstream of Disturbance (A) 6.7

Facility Diameters Downstream of Disturbance (B) 6.7

City, State Hauppauge, NY Total No. of Traverse Points Required 16

Test Date Number of Ports 2

Test Location Oxidizer Outlet Traverse Points per Port 8

Diameter of Stack 17.63    inches Traverse (Horizontal or Vertical)

MINIMUM NUMBER OF TRAVERSE POINTS FOR PARTICULATE inches

AND NONPARTICULATE TRAVERSES D

Duct Diameters Upstream from flow disturbance
(Distance A) L

0.5 1.0 1.5 2.0

DISTURBANCE W

40 
a

HIGHER NUMBER IS FOR RECTANGULAR 6.7 D  A

STACKS OR DUCTS     X X MEASUREMENT

SITE

30 PARTICULATE 6.7 D

 B DISTURBANCE Deq =  2LW  = _________

24 or 25 
a L+W

20 20

16 16 STACK DIAMETER  > 0.61 m (24 in.)

12

10 NONPARTICULATE

8 or 9
a

CROSS-SECTIONAL LAYOUT
   STACK DIAMETER = 0.3 to 0.61 m (12 - 24 in.) FOR RECTANGULAR STACKS

2 3 4 5 6 7 8 9 Total Matrix
Duct Diameters Downstream from flow disturbance Traverse Points

(Distance B) 9 3 x 3

12 4 x 3

16 4 x 4

20 5 x 4

25 5 x 5

LOCATION OF TRAVERSE POINTS IN CIRCULAR STACKS

Point (Percent of stack diameter from TRAVERSE POINT LOCATIONS

Number inside wall to traverse point) Distance Port Total

On A Number of Traverse Points on a Diameter No. from Wall Depth Distance

Diameter 4 6 8 10  12 (inches) (inches) (inches)

1 6.7 4.4 3.2 2.6 2.1 1 0.6 3.0 3.6

2 25.0 14.6 10.5 8.2 6.7 2 1.9 3.0 4.9

3 75.0 29.6 19.4 14.6 11.8 3 3.4 3.0 6.4

4 93.3 70.4 32.3 22.6 17.7 4 5.7 3.0 8.7

5 85.4 67.7 34.2 25.0 5 11.9 3.0 14.9

6 95.6 80.6 65.8 35.6 6 14.2 3.0 17.2

7 89.5 77.4 64.4 7 15.8 3.0 18.8

8 96.8 85.4 75.0 8 17.1 3.0 20.1

9 91.8 82.3 9

10 97.4 88.2 10

11 93.3 11

12 97.9 12

METHOD-1.xls / LGP / rev.2 - 02/97 Duct Diameter > 24 inches minimum 1.0 inch from stack walls.

Duct Diameter <= 24 inches minimum 0.5 inch from stack walls.

Figure 4.4

17.63

H
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Calibration Data  
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